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(54) PERPENDICULAR ORIENTATION TYPE LIQUID CRYSTAL DISPLAY DEVICE 

(57)Abstract: 

PURPOSE: To provide an optical compensating means for expanding the visual field 
angle of the perpendicular orientation type liquid crystal display device in which liquid 
crystal molecules are arranged perpendicularly to substrates. 

CONSTITUTION: This display device has a liquid crystal cell (10) which has positive 
optical activity with the direction perpendicular to the substrates 3, 5 as its optical 
axis, the optical compensating means 9 which has negative optical activity with the 
direction perpendicular to the plane as its optical axis, a 1st retardation plate 2 which 
has positive optical axis with one direction within the plane parallel with the 
substrates 3, 5 as its optical axis and generates a phase difference of nearly a quarter 
wavelength, a 1st polarizer 1 which has the axis of polarization in the direction having 
nearly 45° with the optical axis of the 1st retardation plate 2, a 2nd retardation plate 
6 which has negative optical activity with the direction nearly parallel with the optical 
axis of the 1st retardation plate 2 as its optical axis and generates a phase difference 
of a nearly quarter wavelength, and a 2nd polarizer 7 which has the axis of polarization 
in the direction nearly orthogonal with the axis of polarization of the 1st polarizer. 
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A. Relevance of the Above- identified Document 

This document has relevance to Claims 1 , 7 , 42 , 
47, 48, 72, and 78 of the present application. 

B . Translation of the Relevant Passages of the Document 

[CLAIM] 
[Claim 1] 

A liquid crystal display apparatus of a vertical 
alignment type, comprising: 

a liquid crystal cell, nematic liquid crystal of 
which is aligned substantially vertical to a substrate 
when no electric field is applied, said liquid crystal 
cell having positive optical activity whose optical 
axis is in a direction vertical to said substrate; 

optical compensation means for generating a phase 
difference of substantially (1/4) of a wavelength, 
disposed adjacent to said liquid crystal cell, said 
optical compensation means having negative optical 
activity whose optical axis is in a direction vertical 
to a plane; 

a first retardation plate, disposed on one side of 
said liquid crystal cell, said first retardation plate 
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having positive optical activity whose optical axis is 
in one of directions of a plane parallel to said 
substrate ; 

a first polarizer, disposed in a position on an 
outward side of said first retardation plate, said 
first polarizer having a polarization axis in a 
direction that makes a substantial 45 degree with said 
optical axis of said first retardation plate in a plane 
parallel to said substrate; 

a second retardation plate for generating a phase 
difference of substantially (1/4) of a wavelength, 
disposed on the other side of said liquid crystal cell, 
said second retardation plate having negative optical 
activity whose optical axis is in a direction 
substantially parallel to said optical axis of said 
first retardation plate in said plane parallel to said 
substrate; and 

a second polarizer, disposed in a position on an 
outward side of said second retardation plate, said 
second polarizer having a polarization axis in a 
direction that makes a substantially right angle with 
said polarization axis of said first polarizer in said 
plane parallel to said substrate. 

[PROBLEMS TO BE SOLVED BY THE INVENTION] 

[0028] 
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The present invention has an object to provide a 
liquid crystal display apparatus that is provided with 
optical compensation means that is able to improve 
optical characteristics of a liquid crystal display 
apparatus . 

[0029] 

The present invention has another object to 
constitute a circular-polarization polarizer by using 
an optical sections, which are produced with ease, so 
as to provide an optical compensation apparatus for a 
liquid crystal display apparatus of a vertical 
alignment type, which is able to improve a 
transmission, without reducing an angle of visibility. 
[0032] 

[EFFECTS OF THE INVENTION] 
A first circular-polarization polarizer is 
constituted with a first retardation plate, whose 
optical axis direction is in a plane, and a first 
polarizer, while a second circular-polarization 
polarizer is structured with a second retardation 
plate, whose optical axis is in the plane, and a second 
polarizer. This arrangement improves the transmittance 
of the liquid crystal apparatus as a whole. 
[0033] 

Moreover, the first retardation plate is prepared 
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from a raw material having positive optical activity, 
while the second retardation plate is made of a raw 
material having negative optical activity. 
[0034] 

Use of the circular-polarization polarizers, 
together with optical compensation means, maintains the 
angle of visibility at a large value. 

[0035] 

[EMBODIMENT] 

Figure 1 shows a liquid crystal display apparatus 
of an embodiment of the present invention. A liquid 
crystal cell 10 is provided with a nematic liquid 
crystal layer 4 between a pair of substrates 3 and 5 . 
Liquid crystal molecules 8, which is a nematic liquid 
crystal, has a high refractive index with respect to a 
longitudinal direction. When an electric field is in an 
off -state, the liquid crystal molecules 8 are aligned 
substantially vertical to the substrates 3 and 5. 

[0036] 

In this state, the liquid crystal layer 4 has a 
high refractive index n eLC in a direction vertical to 
the substrates 3 and 5, while having a low refractive 
index n oLC in a substrate in-plane direction. In short, 
the liquid crystal layer 4 has positive optical 
activity . 
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[0037] 

On one side of the liquid crystal cell 10, 
provided is an optical compensation plate 8. The 
optical compensation plate 8 has negative uniaxial 
optical anisotropy whose refractive index in a 
direction (Z) vertical to the plane is small. The 
negative optical anisotropy of the optical compensation 
plate 8 compensates positive optical anisotropy of the 
liquid crystal layer 4 . 

[0038] 

On outward sides of the liquid crystal cell 10 and 
the optical compensation plate 8, provided are 
retardation plates 2 and 6. The retardation plate 2 has 
uniaxial optical anisotropy which has a refractive 
index N e in an in-plane direction (an X axis direction) 
that is higher than other refractive indexes of the 
uniaxial optical anisotropy of the retardation plate 2 
in other directions. Meanwhile, the retardation plate 6 
is made of a uniaxial optical medium whose refraction 
index N e in the X axis direction, which is identical 
with the optical axis direction, is lower than other 
refractive indexes in the other directions. 
[0039] 

In short, the retardation plate 2 has the positive 
optical activity having the optical axis in the X axis 
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direction, while the retardation plate 6 has the 
negative optical activity having the optical axis in 
the X axis direction. Each retardation of both the 
optical compensation plates 2 and 6 is canceled out, as 
a whole. On outward sides of the retardation plates 2 
and 6, provided are a pair of orthogonal polarizers 1 
and 7. The polarizers 1 and 7 have a polarization axis 
PI and P2, respectively, which are respectively 
arranged in directions that make a 45 degree with the X 
axis and a Y axis. 
[0040] 

In the prior art, the retardation plates of a pair 
of an envelope polarizers are identical in 
characteristics and have an orthogonal arrangement. On 
the other hand, the present embodiment has such an 
arrangement in which retardation plates have the 
uniaxial medium having opposite characteristics whose 
optical directions are put in a same direction. 

[0041] 

A thickness of the retardation plates 2 and 6 is 
decided so as to generate a phase difference 
(retardation) of (1/4) of a wavelength, if possible. 
When the phase difference of (1/4) of the wavelength is 
generated, a linear polarization polarizer 1 and the 
retardation plate 2 constitute a dextro-rotatory 



Page 7 Tokukaihei 5-113561 



circular polarization polarizer, while the retardation 
plate 6 and a linear polarization polarizer 7 
constitute a levo-rotatory circular polarization 
polarizer . 

[0042] 

Figure 2 is a schematic diagram that explains an 
operation of the liquid crystal display apparatus shown 
in Figure 1. Light, which is introduced into the 
polarizer 1 from outside, is converted into linear- 
polarized light via the polarizer 1. The polarization 
axis PI of the polarizer 1 makes a 45 degree with the x 
and the Y axis directions. Therefore, the polarization 
component of the X axis direction and that of the Y 
axis direction have an equal intensity in a same phase, 
as shown in Figure 2 (A) . 

[0043] 

When the thickness of the retardation plates is 
decided so that the phase difference of (1/4) of the 
wavelength is generated via the reparation plates that 
having the high refractive index in the X axis 
direction, regarding the light, which has been passed 
though the retardation plates, a polarized light 
component in the X axis direction is lagged for (1/4) 
of the wavelength with respect to a polarized light 
component in the Y axis direction. 
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[0044] 

In short, as shown in Figure 2(b), when the 
polarized light component in the X axis direction is 
lagged for (1/4) of wavelength with respect to the 
polarized light component in the Y axis direction, the 
polarized light component becomes a circularly- 
polarized light that rotates in the plane, as shown in 
the figure on a left hand side. 

[0045] 

When the refractive index in the X axis direction 
is low, the polarized light component in the Y axis 
direction is lagged with respect to the polarization 
component in the X axis direction, on contrary to the 
case shown in Figure 2 (b) . For this reason, attained 
are polarized light components Ex and Ey, as shown in 
Figure 2 (c) , which are combined to be light that 
rotates in the plane as shown in Figure 2(C) on a left 
hand side. 

[0046] 

The above arrangement can widen the angle of 
visibility to ' about 50 degree, while increasing the 
transmittance to about 2.5%. 
[0047] 

For example, the retardation plate 2 having the 
positive optical activity is made of a polycarbonate 
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film that is extended in one direction. The 
polycarbonate film has a thickness that is decided so 
that the phase difference of (1/4) of the wavelength is 
generated. 

[0048] 

Moreover, the retardation plate 6 having the 
negative optical activity is made of a polymethyl meta 
crelate ( PMMA) film that is extended in one direction. 
The retardation plate 6 also has a thickness that is 
decided so that the phase difference of (1/4) of the 
wavelength is generated. Those raw materials have a 
refractive index whose dispersion is less than or equal 
to 5 % in a visible region between 440 nm and 700 nm. 

[0049] 

Furthermore, a value of a parasite transmittance 
T, which is generated by the dispersion of the 
refractive index, is T < sin 2 (0.01257T), that is, T < 
0.2%. Thus, only such a display apparatus, whose 
operation is not affected by the value, can be used. 
[AMENDMENT] 
[0045] 

The above amendment, according to a simulation, 
widens the angle of visibility to about 50 degree 
(contrast = 5:1), while improving the transmittance in 
the ON-state to about 2.5%, with respect to light 
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having a wavelength of 0.55/im, for example where the 
retardation having the positive optical activity: N e = 
1.555, N Q = 1.5, film thickness (d) = 2.5 ^m, the liquid 
crystal cell 10 having the positive optical activity: 
And [ (n eLC - n oLC ) x thickness] = 1/im, the retardation 
plate 6 having the negative optical activity: N e 
1.555, N Q = 1.5, film thickness (d) = 2 . 5 fxm . 
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